As reported previously Ui, 1970 and 1972a) , whale thyroid-stimulating hormone (TSH) consists of multiple components which differ in isoelectric point and they do not seem to be artifacts produced during the purification processes. These four, biologically active components have been isolated successfully in a homogeneous state (Tamura and Ui, 1972b) . Although Fawcett et al. (1969) found similar multiplicity in bovine TSH and compared a few properties of the isolated components, no further and extensive study has been reported.
The present investigation was undertaken to compare several properties of purified components of whale TSH and to provide some insight into the nature of this multiplicity.
The data were also compared with the molecular properties reported for TSH obtained from other species.
Materials and Methods
Preparations of four components of whale TSH TSH used in the present study was prepared from the extract of whale pituitary glands by the procedures including acetone precipitation and zone electrophoresis. The crude preparation thus obtained was fractionated into four components by isoelectric focusing and further purified by TEAE-cellulose chromatography followed by gel filtration on Sephadex G-100 as reported previously (Tamura and Ui, 1972b Sedimentation equilibrium A Spinco model E analytical ultracentrifuge equipped with Rayleigh interference optics was used and the temperature of the run was measured and controlled by an RT1C unit.
All experiments were made according to the meniscus-depletion method of Yphantis (1964) using a multichannel cell which contained three different concentrations of the protein ranging from 0.2 to 2mg/ml.
The photographic plates were read on a Nikon profile projector equipped with a two-dimensional microcomparator attachment. The logarithm of fringe displacement, log c, was plotted as a function of the square of the distance from the axis of rotation, r2, and the molecular weight was calculated from the slope of the curve. The partial specific volume of TSH was estimated from its amino acid and carbohydrate compositions in conjunction with the published data on the specific volume of amino acid residues (McMeekin and Marshall, 1952) and monosaccharides (Gibbons, 1972 Since the plot of (-log Kav)1/2 vs. the Stokes radius of proteins gives a straight line (Laurent and Killander, 1964; Siegel and Monty, 1966) , the Stokes radius of the four components of whale TSH was calculated from a calibration curve prepared using cytochrome c, achymotrypsinogen A, ovalbumin and bovine serum albumin as standard proteins.
Results

Amino acid composition
The amino acid composition of four puri-III and IV) was determined to see if any difference exists in their constituent amino acid residues. The results are shown in Table 1 , in which the data are expressed as the number of each residue per molecule of TSH. It is seen that all the components are quite similar in their amino acid composition. Also included in this table are the data for bovine, ovine, porcine and human TSH reported by Pierce and his coworkers (Pierce, 1974) . It is of interest that, even. though the composition of whale TSH is not very different from that of other mammalian TSH (see also, Fontaine, 1969; Closset and Hennen, 1974; Roos et al., 1975) , it resembles most closely, that of porcine TSH and differs considerably from that of human TSH. Significant differences detected are that, in comparison to human TSH, whale TSH contains more lysine and alanine residues and less leucine residues.
Carbohydrate composition
The results of carbohydrate analysis are shown in Table 2 together with the data reported for bovine, porcine and human TSH by other investigators (Shome et al., 1968a) . To exclude the errors due to weighing of a small amount of samples, the total carbohydrate content of whale TSH was assumed to be the same among the four components, being 13% by weight, a value which is close to that of bovine TSH (Pierce, 1974 ). Significant differences in mannose content are seen among the four components.
Also small differences exist in the contents of other neutral sugars.
The contents of N-acetylglucosamine, Nacetylgalactosamine and sialic acid are of the same magnitude.
The results are not in harmony with those of Fawcett et al. (1969) who found a considerable variation in N-acetylglucosamine content as well as mannose content among the isolated com- a) The amino acid composition of whale TSH is an average of two analyses. The results are presented as the number of residues per molecule (molecular weight: 29,000) calculated on the basis of a 76% recovery, a value which was the mean of actual recoveries uncorrected for moisture and ash. b) Data compiled by Pierce (1974) and recalculated on the basis of molecular weight of 28,000. Misprints in the values of half-cystine and valine contents in human TSH have been corrected. c) Not corrected for destruction during hydrolysis. a) The data for whale TSH are presented as the number of residues per molecule, molecular weight 29,000. b) The data for bovine TSH were those compiled by Pierce (1974) and are recalculated on the basis of molecular weight 28,000. The data for porcine and human TSH were taken from the paper of Shome et al. (1968a) but recalculated, for comparison, assuming the same molecular weight (28,000).
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It is to be noted that whale TSH contains 1-2 residues of sialic acid per molecule. Shome et al. (1968b) reported that this sugar was present in human TSH (1.7 residues per molecule) but not in bovine and porcine TSH, although the recent study by Closset and Hennen (1974) has shown that porcine TSH, in contrast to bovine TSH, contains nearly 1 residue of sialic acid in the a subunit. Besides the presence of sialic acid, the carbohydrate composition of whale TSH is not unique when compared to the published data for other mammalian TSH (Shome et al., 1968a; Fawcett et al., 1969) .
Molecular weight
In sedimentation equilibrium experiments of whale TSH using the meniscusdepletion method, a plot of log c vs. the square of the radial distance gave a straight line, indicating the homogeneity of the four components of whale TSH with respect to the molecular weight. Typical curves are shown in Fig. 1 . From the slope of the curve in combination with the value of partial specific volume, 0.713, calculated for TSH from the amino acid and carbohydrate compositions, the molecular weight of the four components, of whale TSH was calculated.
As shown in Table 3 , although the values scattered somewhat from preparation to preparation as well as from experiment to experiment, no significant difference was found between the four components. An average value of 29,000 was taken as the molecular weight of whale TSH.
The close similarity in molecular size of the four components of whale TSH was also suggested from gel filtration. The value of Kay and Stokes radius as calculated by the method described in Materials and Methods coincided with each other within the limits of experimental errors (Table 4) . by the meniscus-depletion method. A preparation (TSH II) was dissolved in a phosphate buffer of pH 6.5 at an ionic strength of 0.2 and subjected to sedimentation equilibrium at 36,660 r.p.m. after dialysis. The protein concentrations were 0.2 mg (A), 0.5mg (B) and 2.0mg (C) per ml, respectively. The logarithm of equilibrim concentration, c, measured as fringe displacement in pm, was plotted as a function of the square of radial distance, r2. The straight lines obtained show the homogeneity of the sample. Unlyophilized preparations were found to be superior to lyophilized preparations, since the latter sometimes showed the presence of aggregated material. 
Discussion
The four components of whale TSH differ not only in isoelectric point but also in the mobility in disc electrophoresis at a higher pH (Tamura and Ui, 1972b) . The latter differences can be induced if the electric charge, molecular size or both are different among these components. However, the results of sedimentation equilibrium (Table 3 ) and gel filtration (Table 4 ) have shown the identity or, at least, close similarity in the size of these four components. Hence, the major differences among them must be solely those in surface charge.
Analysis of amino acid and carbohydrate compositions, however, did not shed light on the cause of charge differences (Tables 1 and 2 ). The contents of basic and acidic amino acid residues were the same within the limits of experimental errors, and also the content of sialic acid,. which is the only constituent carbohydrate carrying a charge, did not show a substantial difference. It should be noted that the determination of amide, which masks the negative charge on glutamic or aspartic acid residue, was not performed in the present study. Although the possibility that the differences in charge of the four components are due to the different degrees of deamidation cannot be entirely ruled out, it does not seem likely: such a situation, if it exists, would induce much greater differences in isoelectric point than those actually observed, because the pK values for most of the dissociable groups in whale TSH are relatively distant from the isoelectric point of this hormone (pH 8.13-8.73) .
Recently, the resolution of the two components of bovine growth hormone in isoelectric focusing has been explained by the difference in the pK value of different N-terminal a-amino groups (Wallis, 1973 Lorenson and Ellis, 1975) . This assumption looks also tenable in the case of multiplicity of whale TSH, since the heterogeneity with respect to N-terminal amino, acid residues has been established for bovine TSH (Liao and Pierce, 1971) . However, this does not explain why excellent resolution took place in disc electrophoresis at a higher pH (ca. 10.0) where a-amino groups should be completely deprotonated.
Another explanation of the cause of multiplicity in whale TSH needs to be found.
Since the molecular properties of whale TSH have not hitherto been reported, comparison of the data of this investigation with those on TSH from other species deserves to be mentioned. The amino acid composition of whale TSH, which is a little diffent from that of human TSH, closely resembles that of non-primate mammalian TSH, especially that of porcine TSH. The same appears to be true for the carbodydrate composition. The presence of sialic acid as a constituent carbohydrate has Endocrinol. Japon. December 1976 been reported only in human and porcine TSH (Shome et al., 19681) ; Closset and Hennen, 1974) other than whale TSH studied in this work. In spite of the general resemblance of mammalian TSH, nonmammalian TSH seems to be considerably different in amino acid and carbohydrate compositions, although only the data for eel TSH are available at present (Fontaine and Condliffe, 1963) .
The molecular weight of whale TSH has been determined to be 29,000. The value is very close to that previously reported for TSH of other species. For bovine TSH, a molecular weight of 28,300 was deduced from the amino acid sequence study diffusion and 25,000 from sedimentation equilibrium (Shome et al., 1968a) . No difference in molecular weight was detected among bovine, porcine and human TSH et al.(1975) 
